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摘要 
本文测定 5种隼形目鸟类、3种鸮形目鸟类和1种夜鹰目鸟类的部分线粒体 12S 
rRNA 基因和 16S rRNA 基因，结合从 GenBank 下载的17种鸟类同源基因进行系统
进化研究。首次报道了松雀鹰(Accipiter virgatus)、红角鸮(Otus scops)、草鸮(Tyto 
capensis)的 12S rRNA 基因全序列，以及凤头鹰(Accipiter trivirgatus)、红隼(Falco 
tinnunculus)、黄嘴角鸮(Otus spilocephalus)和普通夜鹰(Caprimulgus indicus)的 12S 
rRNA和 16S rRNA的基因片段。 
选用 2种不同参数模型（p-distance 或 Kimma 2-Parameter distance）对构建系
统进化树结果没有明显影响，但选用UPGMA、NJ、ME 或 MP 方法会对构树结果引起
局部差异。在基于 12S rRNA 全序列构建的 NJ、ME 和 MP 树中都支持隼科 早分
化出一个单系群，而在 UPGMA 树中，隼科游隼(Falco peregrine)单独形成一个分支，
与鹰科、夜鹰目和鸮形目互为姐妹群。该现象可能与 UPGMA 法不适合构建分支进





亲缘关系较近，与传统分类学的观点相驳。在基于 12S-b、12S rRNA 全序列、12S 





也不支持 Sibley 等依照 DNA-DNA 杂交研究结果将隼形目并入鹳形目的观点。 
在鸮形目的科级分类水平上，基于 12S-b 基因、12S rRNA 基因和 12S rRNA
和 16S rRNA 联合序列构建的系统进化树均认为鸱鸮科和草鸮科的亲缘关系符合
传统分类学观点，不支持王翔等认为草鸮科仓鸮应归入鹰科以及认为红角鸮与鹰
科亲缘关系更近的观点。同样，基于 16S rRNA 基因的 UPGMA 树和 ME 树也不支持
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(Tyto alba)归入鹰科的观点类似。基于 16S rRNA 的该组数据整体置信度较低，
不能很好地反映出各支系鸟类在目级水平的系统进化关系；该现象提示鸮形目草





于 12S rRNA 全序列基因的系统进化树来看，夜鹰目和鹰科聚成一支，与鸮形目
的进化分支构成姐妹群关系，该数据同样也支持夜鹰目与鹰科亲缘关系较近的观
点。隼形目比鸮形目更接近于夜鹰目的结论与王翔等采用线粒体 tRNA 基因的研
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Abstract  
The phylogenetic relationship of raptors and nighthawks were estimated by 
mitochondrial rRNA gene sequences in this study by comparing the partial basepair 
fragments of 12S rRNA and 16S rRNA genes among 5 species of Falcoiformes, 3 species 
of Strigiformes and 1 species of Caprimulgiformes sequenced in this experement, together 
with the homologous segments of mtDNA in other 17 species of birds downloaded from 
GenBank. Our result firstly reported the complete 12S rRNA genes from Accipiter 
virgatus、Otus scops and Otus spilocephalus, and reported the partial genes of 12S rRNA 
and 16S rRNA from Accipiter trivirgatus、Falco tinnunculus、Otus spilocephalus and 
Caprimulgus indicus, which could provide some new gene data for the research of 
phylogenetic relationship in raptors and nighthawks. 
Our analyses showed that results of constructed phylogenetic trees could not be 
influenced by different parameter models, p-distance and Kimma 2-Parameter distance, 
but would be changed by different methods for construction of phylogenetic tree.  For 
example, the phylogenetic trees constructed by NJ, ME, or MP methods basing on 12S 
rRNA complete sequence, indicated Falconidae branched off prior to the other avian, but 
the UPGMA tree placed Falco peregrine into a single branch and formed sister group 
with Accipitridae species and Strigiformes specie. The reason of this phenomenon might 
be that the UPGMA method could not be used for constructing phylogenetic branches 
with different evolution rate. Our research showed  that the genetic variation of raptors 
and nighthawks was abundant and that the number of transitions and transversions in 12S 
rRNA and 16S rRNA genes increased gradually with p-distance and appeared not to be saturated, 
which indicated the phylogenetic relationship made in this study was really reflected.  
    Our study showed that Accipitridae was closer to Strigiformes and Caprimulgiformes 
than to Falconidae, which was different to the traditional classification system. NJ, ME or 
MP Phylogenetic trees basing on 12S-b genes、12S rRNA genes and 12S rRNA and 16S 
rRNA combined sequence supported that Falconidae branched into one clade firstly, then 
species of Strigiformes branched into one clade, species of Caprimulgiformes into another 
clade containing, and finally Accipitridae branched off at the tail of phylogenetic tree. Our 
data also suggeted that genetic distance between Accipitridae and Falconidae was longer 
than the average. However, our study on the phylogenetic relationship among the 
Accipitridae ( in Falcoiformes), Ardeidae (Ciconiiformes), Estrildidae and Corvidae 
(Passeriformes), Caprimulgidae (Caprimulgiformes), and Strigidae and Tytonidae 
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into Ciconiiformes by the methods of DNA-DNA hybridization. 
In Strigiforme, the phylogenetic tree basing on12S-b、12S rRNA genes and 12S 
rRNA and 16S rRNA combined sequence suggested that Strigidae and Tytonidae both 
should be classified into Strigiforme, which was consistent with the viewpoint of 
traditional classification, and rejected WangXiang’s viewpoint which conbined Tyto 
alba (Tytonidae) into Accipitridae and considered Otus Scops (Strigidae) closer to 
Accipitridae than to Strigiformes basing on tRNA genes. At the same time, UPGMA 
trees and ME trees basing on 16S rRNA genes also did not support to classified Tyto 
capensis into Accipitridae although the NJ trees and MP trees showed that Tyto 
capensis was closer to Accipitridae than to Strigiformes which was similar to 
WangXiang’s viewpoint. The phylogenetic trees basing on 16S rRNA genes had a 
lower bootstrap value suggested that the tree really reflected a phylogenetic 
relationship and reveal that avian of Strigiformes may had rapidly genetic mutation 
rates in 16S rRNA genes. 
In this research, Phylogenetic trees were also constructed on the bases of 12S-b in 
order to study the phylogenetic relationship among the Accipitridae ( in Falcoiformes), 
Ardeidae (Ciconiiformes), Estrildidae and Corvidae (Passeriformes), Caprimulgidae 
(Caprimulgiformes), and Strigidae and Tytonidae (Strigiformes). The results showed that 
Accipitridae had the closer relationship with Caprimulgiformes than Strigiformes, and 
that Caprimulgiformes did not have closer relationship with other creepers suggested 
Caprimulgiformes should be separated from creepers. The phylogenetic trees constructed 
on the basis of on 12S rRNA, in which Caprimulgidae and Accipitridae clustered into a 
clade and then formed a sister group with Strigiformes clade, also supported that 
Falcoiformes had the closer relationship with Caprimulgiformes than Strigiformes. The 
results that Falcoiformes had the closer relationship with Caprimulgiformes than 
Strigiformes was consistent with the WangXiang’s research basing on tRNA genes but 
rejected the view of classifing Strigiformes and Caprimulgiformes into one order, which 
was suggested by Sibley basing on the DNA-DNA hybridization experiment. 
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属 63种，鸮形目在我国有草鸮科和鸱鸮科等总共 2科 13属 31 种[2]。全世界共有
隼形目鸟类5科 80 属 311 种，鸮形目鸟类有 2科 27 属 205 种[3]。 
随着分子生物学技术在鸟类分类研究的应用与发展，一些学者也提出了新的
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图 1. 鸟类 mtDNA 结构的基本模式图（根据 Gallus gallus 线粒体 DNA 绘图）, 
GenBank Accession: AY235571 
Fig.1 The construction of mitochondrial DNA of aves(According to Gallus 
gallus mtDNA), GenBank Accession:AY235571 
鸟类线粒体DNA通常由 13个蛋白质编码基因、2个 rRNA基因、22个 tRNA
基因、控制区（D-loop）和轻链复制起始区组成。长期以来人们都认为线粒体基
因排列较保守，但随着研究的深入，已知的脊椎动物的 mtDNA 全序列数据越来
越多，mtDNA 中存在的基因重排现象也逐渐被发现[8, 9]。Mindell 等根据 5 种鸟
类的 mtDNA 全序列和代表 13 个目的其它 132 种鸟类的 mtDNA 部分序列，将鸟
类的线粒体基因排布方式分成了两类，分别称为“gene order B”和“gene order C”
[10],与脊椎动物典型分布方式相比，它们在 Cyt-b 至 12S rRNA 的区域上具有独特
的基因排列顺序：B 型顺序为 ND5/Cyt-b/tRNAThr/ tRNAPro/ND6/tRNAGlu/控制区；
而 C 型顺序为 ND5/Cyt-b/tRNAThr/控制区 / tRNAPro/ND6/tRNAGlu/假控制区
（pseudo-control region）。绝大多数鸟类的 mtDNA 全序列或部分序列都遵循上述
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体基因排列出现了第三种排列方式，即 ND6 基因和 tRNAGlu 基因的缺失。 
1.1.3.3 鸟类 mtDNA 与系统进化 
   鸟类 mtDNA 具有较快的进化速率，同时也是生物进化史的重要记录者，DNA
序列分析已经成为生物系统进化研究中 重要的工具之一。目前广泛用于鸟类系
统进化研究的 mtDNA 基因有 Cytb 基因、调控区(D-Loop)基因、12S rRNA 基因、
16S rRNA 基因等。国际上 早对鸟类 mtDNA 进行研究的是 Glaus[14],他报道了
日本鹌鹑、珍珠鸡、环颈雉和火鸡 mtDNA 的 RFLP 的工作，并从家鸡 mtDNA
中选用 16S rRNA、ND6、细胞色素 b(Cyt-b)、ATPase6、COI、D-loop 基因和 DNA
片段作为探针，对上述几种鸡形目鸟类的 mtDNA 进行 Southern 杂交，以探讨不
同种类间的同源关系。随后 Shields 和 Wilson[15]报道了美洲 5 种鹅 mtDNA 的分
析结果，并根据化石资料提出，美洲鹅的 mtDNA 的进化速率为每百万年 2％。
Kornegay 等[16]通过对鸡形目 9 种鸟类的 Cytb 基因进行研究后发现，新大陆鹑比
鸡形目其它种类更接近凤冠雉，这一结论与 DNA-DNA 分子杂交的结果一致[6]。
国内 早有关鸟类 mtDNA 的报道是吴鹤龄和林建生[17]关于北京鸭的 mtDNA 报
道。 
在猛禽系统发育与分子进化研究中，德国学者 Seibold 在猛禽类 mtDNA 的
分子进化研究方面做出了较多研究，Seibold 和 Helbig[18]报道了隼形目 14 种鸟类
的 Cyt-b(1026bp)序列的比较研究，研究对象包括鹰科、秃鹫亚科 11 种，美洲鹫
科 3 种，该资料提出观点认为新大陆鹫不属于猛禽类，但是，种系发生的信息没
有充分表明它们是接近鹳科还是接近鹰科。国内李庆伟[19]等从 90 年代中期开始
进行猛禽类 mtDNA 分子进化的研究工作，其通过 RFLP 技术提出鸟类 mtDNA
基因组存在大小的多态性，通过 RFLP 技术测定，认为短耳鸮 mtDNA 基因组为
23.35 kb;但孙毅等[20]通过测定 mtDNA 全序列发现短耳鸮 mtDNA 基因组实际大
小为 18858 bp，是已知鸟类中 mtDNA 基因组 大的种类，过去认为 mtDNA 基
因组 大的是普通鵟，其大小为 18674 bp；王勇军等[21]通过 RFLP 方法测定红隼
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